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LEGUME  BACTERIA. 

FURTHER  STUDIES  OF  THE  NITROGEN  ACCU.MULATION 
IN  THE  LEGUMINOS.-E. 

By  S.   F.    Edwards  and  B.   Barlow. 

Studies  of  the  nitro,,'en  accumulating  bacteria,  I's.  raJicicula.  have 
been  in  progress  in  this  hiboratory  during  a  period  of  about  five  years. 
I  he  results  of  investigation  up  to  1906  were  compiled  and  published 
by  Harrist)n  and  Harlow  in  the  Proceedings  of  tlie  Koval  Society  of 
Canada,  1900,  aid  in  the  CVntralllilatt  fiir  Uaklcriol.j^ie.  'l  1  \btc  \ol 
19,    1907. 


I.  Ps.  rudicicola  (rmii  iwduh  o(  Mill irm/o      o     i>  r  •    T^^^^T^. 

satha,  Alfalfa,  showing  both  minute      ""     I    ■7u'^.  ^'"'".V  °°*^"'^  °^  Sfe,Uc<igo 
rods  and  large  branched  cells.   Ainvl-  ^    u\  tV^-    ^aCeroidal  cells  only. 


rods  and  large  branched  cells.   Ainyl- 
Gram  stain.     X  1,000, 


Carbol-fuchsin  stain.     X  1,500. 


Briefly  the  results  embodied  are  as  follows  : 

There  were  examined  upwards  of  thirty  foreign  economic  species 
of  Legum.nos.-e  of  the  sub-x.rder  Papiliomicecr.  exclusive  of  some 
twenty-four  spec.es  and  varieties  of  the  genus  Vicia,  also  a  number  of 
native  species.  Nodules  were  found  on  the  roots  of  all  of  these  with  the 
exception  of  two  speries,   (icer  arieutum.  and  Galcfra  officinal^    Plants 


2 

of  the  sub-order  Ctcsalpina  were  examined  and  m>  nodules  were  found 
on  the  roots  of  Gimnucladus,  Ghditschia  or  Cercis  canadensis,  but  my- 
corhiza  were  present  in  all  cases. 

I's.   radicicola   was   isolated   from   the   folluwini;  host   plants  : 


Tripoli^  : 

Medkii^o  saliva 
Mclilotus  alba 
Trifolium  incarnatutu 
Trifolium  pratense 
Trifolium  repens. 

Hedvsare.e  : 

Dcsmodium  acuminatum 
Desmodium  canesccns 
Dcsmodium  nudifhrum. 


ViciE.E  : 

lici'u  villosa 
Lalhyrus  sativum 
Pisum  sativum. 

PlIASEOI.EAE  : 

(Uycinc  hispida 
Apios  tuberosa 
Phaseolus  vulgaris. 


/v.  rmlicicoOi  I'roin  nodule  of  Midiimjn 
mtiia,  Alfalfa.  Only  small  rod  forms 
were  present.  Saturated  alcoholic 
gentian  violet  stain .    X  1,000. 


4.  J'f.  rwhcirolii  from  Mediiiwo  sativa, 
Alfalfa.  Culture  on  ash-nia  "^-agir, 
showing  polar  flagella.  Satui.  ted  al- 
coholic gentian  violet  stain.   X  1,000. 


Media  for  Growth  of  Ps.  radicicola. 

Various  media  were  tried,  and  it  was  found  that  the  organism  grew 
uxuriantly  in  an  ash-sugar-agar,  prepared  as  follows:— 

"To  looo  com.  of  cold  water,  either  tap  or  distilled,  add  2.5  g. 
to  25  g.  wood  ash;  stir  in  and  filter  at  once,  or  at  any  time  up  to  one- 
fialf  hour.  Or  the  ash  mav  be  added  to  boiling  water,  boiled  a  minute 
or  two  and  filtered  at  once.  The  filtering  may  be  done  through  a  tuft 
of  absorbent  cotton  at  the  pump.  The  filtrate  should  be  clear  and  colour- 
less and  should  be  more  alkaline  to  phenolphthalein  as  the  amount  of 
ash  or  the  time  before  filtration  is  increased.  The  acidity  at  this  point 
ivas  found  to  vary  from  very  faintly  alkaline  to-i7.5°  acid  to  phenol- 
phthalein. At  this  point  agar  is  added  in  amount  from  0.5%  to  1.5%. 
The  agar  is  added  to  the  ash  filtrate  and  the  mixture  boiled  over  the 
la  Bull.  169 
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flame  with  stirring,  t,r  heated  in   flawing   steam  or  the  autoclave  until 

he  a,.ar  .s  all  d  s..,vcd      Maltose  is  now  added  in  amount  frl  d  4  ' 

to  4.„      The  medm.n  is  heated  for  a  few  minutes  or  allowed   to  st-ind 

through'  T^'k  "  ''"^°"»^"^  '"■"°'^'='''  ^^"'•"  »h.-  mcdi^  is  f.1  "d 
.?,h.?  f  *°5'""»  «-'«"«"  at  the  pump.  Sterilization  ,nay  be  affec  ed 
either  m  nowmR-  steam  or  in  the  autoclave.  '"'cciea 

"If  a  liquid  medium  is  desired,  the  same  pro,  ,  dure  is  foil.,  ved    ,.y 
cept  that  the  ajjar  is  omitted."  loll...ud,  ex- 

Ashes   from  n    pJe  or  mixed  beech  and  mapk,    fro.n  elm  and  from 
t.im.ir..k   were  used   with  equally   favourable   results. 


6.  pM  rwhrwybi  from  nodule  of  Melilolux 
filha,  \\  hite  .Sweet  Clover.  Cuneate 
and  branched  cells.  Amvl-Gram 
stam.     \  1,500. 


fl.  Jn.  i<id,c>n,la  from  noilule  of  Mir,l„i„> 
<>(h<-inalit,  Yellow  Sweet  Clover.  Small 
rods  and  much  branched  ceils  Amvl- 
<iram  stain.    X  1,.500 


ouirei    f        i    ?  '°"''""'   ^''°'"  '^'^   '•''^'  ""    the  mineral   elements   re- 
qmred    for     bacter.a,    g:rowth,    the    sugar    is     the    source    of    enLy 
and   the   n.tmgen    ,s    secured  from   the    atmosphere.      The  nitroecn    nr' 
cumulatmg  oower  of  the  organism  is  thus  maintained.  ^  " 

tlie  L.        atcd  summary  of  media  used   follows:— 

Tabulaled  Summary  of  Media. 
Water  100. 


.•igar  None. 


Medium  K..     31      32       33 

Ash 1        1         1 

.Maltose '. 

Sucrose '      2      "2 

KH,PO, 0.5' 

To  Litmus.. -11 » -10" +110 
ToP'thalein     8°    -6°  4 31° - 


Agar  1  i)er  cent. 


45 
1 
2 


0.2 


42 
1.6 


L.6 


1 

2  0.5 
2 


47 
2 
1 


49       50    36  44  46:48:    34  46.1    36   37 
1         2      1    1    1    21       1        1      1 
1         12   2    1    2  .. 

••a-'-gir-v  ■•'••I    2i    1...    . 

r4°j  Alk.  -f28''+28»  -5»  ■■  N.nJ'Is^  -lio^I^^Jj^i    ,  „J 


N— Neutral.        Aik.— Alkuline 


74 

1,6 
2 
M 
Alk. 
NhU. 

TapWuter  100. 

82 
1.2 

.26" 

S3 
11' 
.26 
.26 

Medium  K 

7«         77         78 
1.2       1.6           1 

1 
80 
2 

1 
.6 

8« 
1.6 

1 
1 

61 

iMU 

0,76 

>Ulto«> 

Aih 

2    '      2 

.06       .76 

1 
I 

1 
.6 

To  P'phthalein 

V       Alk. 

1 

T 

DlHtilled  Water  100;  Mait<«e  1  percent. 


A^ar  Nfitie. 


A^nr  1  jxT  fent. 


Atrar  1  6  ix'r  cent. 


Ath 

Reaction 

0          hi" 
0.6        +1» 
1.0!        -2. 6" 
1.6:        -.1» 
2.0:        -4.5«' 
2.6         -6° 
O.S'Faintly  Alk 
0  6' 

a.h i 

Stock  It       \*\\      Kenctioii      Stock  R      AkIi    Rca<tinn      Stock  R 


62 

0 

■  H» 

63 

1 

-iV 

•W 

64 

0  5 

-2"    1 

65 

1.5 

-7= 

7(1 

Ml 

1() 

—2" 

67 

0.5 

-4" 

71  Tap  W 

68 

15 

2" 

69 

1.0 

Alk. 

i72  Tap  W 

61) 

2.0 

2« 

61 

62 

2.5 

2" 

63 

flS 

3 

—8" 

64 

1         \ 

73 

4 

-l:i" 

65 

1         1 

7» 

1  5 

-21" 

66 

il 

H 
Ash  1.  Maltose  1.  A>rar  1.       !| 

ji 

Water       Reaction        Stock  Water 


100  tap  +1"        '  R87  lOOdist. 

lOO.list.  i R»7  100  (lint. 

lOOdift.  —2"  R98  lOOtap 

100  dipt.  R99  100  Up 

100  dist F  lOw  100  diet. 

100  tap  Neut.  »  '■  .  100  tap 

100  tap  ».     '-■     i 


0.5 

0.5 

1 

1 

1 

1 


.\8li— Maltow  -Water. 
AbIi        Maltow      Keuctioii        .stock 


0.5  —0.5a  It  SO 

0.5  —0.2"  U91 

1  R  92 

1  Mm 

1  Neut.  K  95 

;  R  9« 


Siinilar  media  were  used  for  jjrowing  legumes  in  \\  L.  Erlenmeycr 
flasks.  Seeds  of  legumes  were  secured  from  the  pods  under  aseptic 
conditions,  and  grown  in  Erlenmey^--  flasks  for  studies  in  inoculation 
with  pure  cultures.     Figs.  31   and  3 ... 


Since  the  publication  cif  the  previous  work,  we  have  examined  the 
noduks  and  found  bacteria  present  in  additional  hi»t  plants,  as  follows  : 


Medicago  lupulina 
McHlotus   officinalis 
TrifoUum   hyhridum 
'I'ifolium  procunibens. 

«  Jm.f.c.k.k  : 

Caragana  frutescens 
Rohinia  pscudacacia 
Robinia  viscosa. 


\'i(  IE.!-; : 
Vicia  faba 
I'icia  amcricana 
Lalhyrus  sylvestris 
iMthyrus  odoratus. 

PlIASEOIF.!;  : 

PItaseulus  muUiflorus. 


K 


I'n.  riulirintla  Iroiii  nodule  of  Melilolnt 
ojUciiKilm,  Yellow  Sweet  Clover.  Kods 
and  branched  forms,  the  latter  with 
very  irregularly  <listributed  proto- 
plnsiii.  Carhol-liifhsinMain.  VI.OOO. 


f'n.  rill.  nlit  iroiii  niHluie  of  Vicia 
rWimii,  .iriiry  Vetch.  KoHin-inethy- 
l<*'.o  blue  Aa\n.     X  1,500. 


The  organism  was  isolated,  and  pure  cultures  prepared  from  all 
but  TrifoUum  procumbens.  Cultures  were  also  isolated  from  ten  of 
the  hosts   from   which  cultures  were  previously   isolated. 

Investigation  in  media  preparation  was  continued,  and  it  was  found 
that  for  general  studies  best  results  were  obtained  on  med'a  prepared 
in  the  proportion  of  water  loo,  ash  .4?.  to  \%,  maltose  .4%  to  1%, 
agar  .4%  to  1.5%. 

Media  were  prepared  using  other  substances  than  maltose  as  the 
source  of  energy  for  the  organism.  The  table  of  modified  ash-agar 
media,    and    results    of  growth,   follov  . — 


l^'.Jty 
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Media  R  i2g — R  146. 


Stock  R. 

Water. 
100 

" 

Aeh. 

Agar. 

Sugar. 



Reaction. 

129 

.5 

1.5 

130 

Maltose,  1. 
Mannit,  .5. 
Dextrose,  1. 
Levulost",  1. 
Dextrin,  c.  p.  1 . 
Inulin,  .25. 
Gumtragacanth, 
Amygdalin,   .25. 
Asparagin,  .25. 
Dextrin,  com'l  1. 

Olvreriiip.  1 . 

131 

132 

! 

133 

1 

134 

135 

136 

137 

138 

145 

146 

.5 

9.  /'.s.  rudicicola  from  nodule  nf  Vicia 
Americann,  "Wild  Pea,"  from  Big 
Creek,  B,C.  Carbol-fuchsin  stain. 
X  1,000. 


10.  /'.<.  rdilicico/u  troin  nodule  ot  i'icta 
/aba,  Horse  Bean.  Am\  l-(iram  stain. 
X  1,500. 


Plate  cultures,    17  da>s  at  25°  C,   in  asli-\vater-aj,-ar  modified   with 
suffar. 

Colonies   none. 

R.    133,  Icvulo.sc,   1%. 
Colonies  small,   i    m.m.,  not  viscid. 
R   i2g,  .\sh-\vater-agfar  alone. 
Colonies  small,  2  m.m. 

R     136,  Gum  trag-acanth,  12%,  all  viscid. 

R   137,   Asparag-in,    i '4%,  only   1,400  viscid. 

R   135,  Inulin,  1/4?^,  only  1,300  viscid. 


1 


Colonies  large,   3-10  m.m.,  deep  2-4  m.m.,   all  very  viscid. 

R   131,   1/2%  mannit  2-4  m.m.  in  4  days  surface  colonies. 


4-7     • 
5-10  ' 

R  132,  dextrose,   1%   6-12  ' 

R  137,  amygdalin,  1/4'X...  4-10  ' 

R  130,  maltose,   1%   3  ' 

R  134,  Dextrin,  1%   3  ' 


7 
17 
17 
17 
>7 
'7 


The  cultures  used  in  the  above  plate  cultures  were  : — Vicia  villosa, 
(stock  culture),  Vicia  villosa,  direct  from  nodule  of  host  plant, Tri/o/ium 
prafense,  direct  from  nodule  of  host  plant,  TrijuUum  pnilcnsc,  (stock 
culture),  Pisuni  sativum,   (stock  culture). 

P^ive  plates  were  made  in  each  of  the  ten  media.  Wherever  growth 
occurred,  it  was  typical  of  Ps.  radicicola,  as  was  the  morphology  of  the 
organisms  in  stained  preparations 


11.  Culture  of  l'.<.  ,-wlk-icoln  from  Wda 
riltom,  Hairy  Vetch,  on  ash-maltose- 
agar  showing  flagella.  Saturated  al- 
coholic gentian  violet  stain.   X  1,0()0. 


12.  I's,  raiticicolu  (rom  iMi\u\t: oi  Tiijolium 
pratense,  Red  Clover.  Anivl-Gram 
stain.  X  1,000.  Compare  with  No. 
30. 


Streak  Ciilture  on  Agar,  25"  C.  Character  of  the  growth  was  typi- 
cal of  Ps.  radicicola.  the  rapidity  and  abundance  being  stated  as  follows  : 
Growth  abundant  in  10  days— Maltose,  Mannit,  Dextrose,  Amygdalin; 
growth  less  abundant -^Dextrin ;  growth  scant— Inulin,  asparagin.  Gum 
Tragacanth,  no  sugar;  growth  none — Levulose. 

Time  of  appearance.  No  colonies  were  visible  to  the  eye  in  48 
hours.  Colonies  were  visible  to  the  eye  in  3  days  in  all  plates  of  the 
series  except  in  maltose,  dextrin  and  dextrose.  In  maltose  and  dextrin 
colonies  were  visible  in  3  to  4  days ;  in  dextrose  in  7  to  9  days. 
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From  the  results  it  is  seen  that  maxinuim  growth  in  17  days  occur- 
red in  dextrose,  mannit,  and  anivgdalin,  was  very  scant  in  asparagin 
and  inulin,  and  was  nil  in  levulose. 

The  effect  of  the  different  sugars  in  liquid  media  was  also  tried. 
The  media  consisted  of  ash-water,  stock    K   H7,   modified   as  follows  : — 


Stock 

E. 

Water. 

Aflh. 
.5 

Sugar. 

87 

87  a 

100 

None. 
Glycerine,  .5. 

87  b 

87  c 

87  d 

87  e 

KpviiIorp    1 

87  f 

Kiiffinose,   .5. 

J'n.  radicicola  from  Tn/otiwit  pnitense, 
Red  Clover.  From  colony  on  ash-mal- 
tose-agar,  R  112.  Saturated  rlco- 
holic  gentian  violet  stain.    X  2,000. 


14.  J'k.  radicicola  troni  the  nodule  of 
Pluiseohts  mnltitiorus..  Scarlet  Runner 
Bean.  Rod  forms  only  in  nodule. 
Saturateil  alcoholic  gentian  violet 
stain.     X  1,500. 


The  cultures  used  wire  stock  cultures  on  ash-maltose-agar  from 
the  following  host  plants  : — Trifolium  pratense,  red  clover ;  tueclicago 
sativa,  alfalfa;  Trifolium  hybridum,  alsike  clover;  IHsiim  sativum, 
peas;  I'icia  villosa,  vetch;  Lathyrus  odoratus,  sweet  pea;  Phascidus 
vulgaris,  bean ;  Rohinia  pseudacacia,  locust, 
The  results  follow  : — 

Four  days  at  25°  C. — 

E  87  (no  sugar).     No  growth  of  any  cultures. 
E  87   a,    (glycerine).    \o   growth— .Alfalfa,    red    clover.      Slight 
cloudiness — .\11  others. 


Bi^Ktt 


of 


Slight 
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'"  **  othe/r"""''^"      '""^  K^'-°«th-AIfaIfa.    Slight  cl«udiness~AII 

^'  *Ho'/"'"'"T.i-    *\"  fJrnmth-Alfalfa,    peas,   locust, 
cloudiness— All  others. 

^'    ^'e^loudv  ^TlMr'-     x-'''"    ^^"T^'^-Vctch,     locust.       Slightly 
Far.r^f~')      I      x.^^'y    markedly    cloudy-All  others.        ^ 
r  c     /  i'^^"'"^^)-     ^«  Srrowth-All  cultures. 
t  «7   f,    (raffinose).     Slightly  cloudy-All  cultures 
Iwenty-two  days  at  25°  C. 

F  8^  1"°  fT"^--  X''-\?«^^*  cloudiness  of  all  cultures. 

clov'er^^TTl-,       y'}''    ^"""dy-Alfalfa.    beans,     alsike 
clover.      Markedly   cloudy- All    other  cultures. 

I-  87   b,   (mann.l).      Slightly   cloudy- Alfalfa,    locust.    Markedly 
cloudy.    w,th    copious   sediment-All   other    cultures  ^ 


16.  Jg.  i-mUncda  from  J'haxe„hi»  nilimrh 
harden  Bean.  From  colonv  on  ash- 
maltoee-agar.  Saturated  alcohohc 
gentian  violet  stain.     X  1,000 


16.  /.v.  i,„(,r,.;j,a  iioiii  iiuduie  <,(  IMniiiii 
/>s,-ii,t,n;,r;„.  Black  Locust.  Carbol- 
luchsin  stain,     X  1,000. 


E  87  c,   (dextrose).       Slightly     cloudy-Alfalfa,     locust,     vetch 
peas.      Densely   cloudy-All    other    cultures. 

t-  87  d,  (maltose).  Xo  growth-Locust.  Al  other  cultures 
very  densely  cloudy  with  copious  sediment,  and  pellicle  in 
some  cases. 

r  Q^  c'  /'*^;^"'°'^e).      Xo  growth   in   anv  cultures. 

M    l'"''^'^™-7)-^"8-htly  cloudy-Alfalfa,  locust,  beans,  peas. 
Markedly  cloudy— All   others  -  H  '»  . 

.h„nl''^''^'"'*l '•''"'''  '''''"   "^  '^^  sugars' tried   maltose  gave  the  most 
for  PrLS,V"  "'"f  ""'■"  •'^'^^  unsuitability  of  lev^ulose  in  m  d 
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Isolation   of  Ps.    radicicola   from  the   Nodli  e. 

The  technique  of  isolation  from  the  nodule  was  varied  slightly  from 
the  method  used  in  the  previous  studies,  the  exact  procedure  being  as 
follows : — 

The  plant  is  dug,  care  being  observed  not  to  break  off  the  nodules, 
and  the  roots  placed  immediately  in  clean,  cool  water.  Parts  of  the 
plant  are  preserved  for  identification,  and  nodules  removed  to  killing 
and  fixing  solutions  preparatory  to  sectioning. 

A  nodule  is  removed  from  the  roots,  washed  thoroughly  under  the 
tap  and  immersed  in  50  c.cm.  to  100  c.cm.  of  the  following  solution  : — 

Hydrochloric  acid,   sp.   gr.    1.20  2.5  rem. 

Mercuric    chloride    crystals    i      g- 

Water,    distilled  or   tap   1,000      c.cm. 


17.  J'i>.  raiUrifiilii  from  nodule  of  (Uiic.ne 
hispiild,  Soy  Bean.  Mostly  small  rod 
forms.  Carbol-fuchsin  stain.   X  1,500. 


18.  Px.  /•(((/((■(co/i(  lr..iu  Liitliiini»  odoratuK, 
Sweet  Pea.  25  day  old  culture  on 
ash-maltose-aKar.  Saturated  alcoholic 
(tentian  violet  stain.     X  1,500. 


The  nciules  may  remain  immersed  for  2-3  minutes  unless  in  the  case 
of  large  nodules,  as  from  soy  beans,  when  a  longer  immersion  does  no 
harm.  The  nodule  is  taken  with  flamed  forceps  and  placed  between  folds 
of  filter  paper  moistened  with  the  above  solution.  The  nodule  is  held 
with  flamed  and  cooled  forceps  and  broken  open  with  a  flamed  platinum 
knife  or  small  scalpel.  .\  flamed  needle  is  thrust  into  the  middle  of  the 
broken  surface,  gently  rotated,  and  then  touched  into  a  drop  of  sterile 
water  in  a  sterile  Petri  dish.  Three  loopfuls  of  this  inoculated  water  are 
transferred  to  a  second  drop  of  sterile  water  in  the  same  dish.  A  third 
drop  in  the  same  dish  is  inoculated  from  the  second  in  like  manner.  In 
a  second  Petri  dish,  three  drops  of  sterile  water  are  inoculated  in  the 
same  succession,  the  first  transfer  being  from  drop  3  in  the  first  dish. 
Liquified   a.sh-maltose-agar,   cooled    to  near  its   solidifying    temperature. 


mm 


.aiiilltiiiii 
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solidifi^.H  T^  '.'''  T"'f  "^'"P"  °^  inoculated  water,  and  the  plates  when 
solidihed  may  be  placed  at  a  temperature  of  20°  or  25°  C 

At  the  same  time  at  least  three  smears  should  be  made  from  the 
nodule  tor  staining'. 

Hanging-  drop  examinations  are  also  made,  crushing  a  particle  of 
the   bacteroidal    tissue  in  a  drop    of   distilled   water   on    a  cover   glass 

btudies  of  the  cultural  and  morphological  characteristics  were  con- 
tinued, and  the  observations  previously  noted  were  confirmed.      I-igs.    i 

onen'?ho  ["'"  P'^"^^•  ""^"^^y  ^"«'"  '^""■"^'""'.  when  the  nodule  was  broken 
open  the  bactero.dal  tissu,.  was  observed  to  be  mucilaginous.     Hanging 

tZ  P'''P;"''''^*""^  '^'^"^^•^•''  ^"'"e  large  branched  cells,  non-motile,  and 
some  small  or  mmute  rods  swiftly  and  actively  motile,  darting,  whirling, 
and  tumbhng.  Some  of  the  mucilaginous  tissue,  spread  on  a  slide  and 
samed  w.th  saturated  alcoholic  gertlan  violet,  gave  atypical  flageHa 
s^un    showmg  ,he  cells  and  whips  unstained  in  tht  denslv  stained  h^U- 


Allaifa.    Colony  on  a8h.,nalto.e-agar.  Sweet  Pea.    Colony  on  ash-n.altose: 


agar.    X  100. 
V'lABir.nv  OF  Ps.   radicicola. 


Observations  on  the  viability  of  Ps.  radicicola  on  ash-maltose  me 
have  been  contmued.  It  would  appear  that  on  favourable  media  the 
gamsm  IS  long  hved.  The  results  obtained  in  this  laboratory  are  em- 
bodied m  the  following  table.  The  cultures  were  grown  a  short  time 
at  20  or  250  c,  and  were  then  kept  at  the  temperature  of  the  labora- 
tory. These  same  cultures  were  all  successfully  transferred  to  various 
other  media  more  than  once  in  the  interval  recorded  in  the  table,  and 
gave  a  prompt  and  characteristic  growth  on  favourable  media.  The 
transfers    in   the    table   were    to   ash-maltose-agar    in   all    cases,   and    to 
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ash-maltosc-water  in  some  cases.  The  growth,  morphology,  and  stain- 
ing reactions  were  carefully  observed,  and  were  characteristic  of  Ps. 
radicicola.  The  same  is  true  of  colonies  which  developed  in  plate  cul- 
tures in  ash-maltose-agar  made  from  certain  of  these  cultures,  after  a 
lapse  of  nearly  three  and  one-half  years  in  one  case.  The  growth  \yas 
abundant  and  mucilaginous,  the  cells  were  actively  motile  in  hanging 
drops,  and  stained  with  saturated  alcoholic  gentian  violet  '  cy  showed 
single  polar  flagella.  Occasional  branched  forms  were  seen  from  agar 
cultures  and  were  frequent  in  liquid  media. 

Viability  of  Ps.   Radicicola  in  Cultures  at  Room   Temperature. 

Data  March,    igo8. 


Isolated  from. 


a 

a 
a 


02 


Scarlet  R  inner  Bean    {Phiueobiii  mulli- 
Jtonm) 


Bean  ( PhaKeolnn  lulgarin) 


Red  Clover  (  T'i folium  pratensi) . 

Sweet  Pea  (  Lathyrun  odoralun) . . 
Alfalfa  (Mediciigo  satira) 


Soja  Bean  {Glijcine  hinpida) 
Horse  Bean  ^  Vida  fnha) . . 


R107 
R107 
R  36 
R  35 
K  35 
R  35 
R112 
R112 
R  72» 
R  72 
R  105 
R105 
R    54 


Cultivated  in  water 
100%  with 


si 


o 

a. 


Alive 
after 


Hairy  Vetch  (  Vicia  villosa) . 


White  Clover  ( Trijolinm  repens) 
Peas  ( Pigum  mtimm) 


R 

54 

R 

54 

R 

34 

R 

54 

R106 

R107 

R107 

R104 

R 

54 

R 

44* 

R 

36 

R104 

R 

87 

R 

87 

R 

36 

R 

S6 

7c 

0.6 

0  6 

1 

1 

1 

1 

0.2 

0.2 

1 

1 

0.5 

0.6 

0.6 

0.5 

0.5 

1 

0.5 

0.5 

0.5 

0.5 

1 

0  5 

1 

1 

1 

1 

1 

1 

1 


1 

1 

2 

2 

2 

2 

0.5 

0.5 


i4 

% 
0 

1 

0** 
.6 


0 

1 

3 

0 

1 

3 

0 

1 

0 

1 

0 

1.6 

0 

1.5 

0 

0.9 

0 

0.9 

0 

1 

1    0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.03 

0 

0 

0 

0 

0 

0.5 

0 

0 

0 

0.6 

0.5 


0 
0 
0 
1 
0 
0 
1 
1 
1 
0 

1 
1 
1 
1 
1 
1 
1 


5 


137 
235 
146 
140 
253 
259 
27 
126 
301 

91 
148 
246 

43 
146 
156 
340 
123 
221 
117 
209 
210 

43 
353 
181 
244 
343 
341 
175 

26 
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Data  March,  \90^.—Con/inued. 


Cultivated  in  wattT  Alive 

100  fr  with  ,    after 


Bitter  Vetch  {iMlhyrus  sativii) i  R  lis 

i  R1I2 

I  R112 

I  R   35 

Black  Locust  (Robinia  puudacacia)  ...  R  105 

Flat  Pea  {Lathyrm  ni/lreMrix) R  104 

Wild  Bean  (Apios  tuberom) R    36 

Tick  treloil  {Deiimodium  nudiflorum)...  •  R    79 

Siheri&n  Pea  Tree  (Caragnna/rnUKcent''  K    31 

Red  Clover  (  TrifoUum  pratense) '.  R  104 

E  30*** 

Soy  Bean  ( Glyrine  hispida) E    30 

Sweet  Pea  (  Ldthyrus  odoratus) E    31 

Garden  Pea  ( Pimm  mtivwu ) k    30 

Alsike  Clover  (  TrifoUum  h>/hridum )..'.'.  it  104 

Bitter  Vetch  { iMlhi/rua  miivus) E    30 

Flat  Pea  ( Lathtirut  siilreMris) E    30 

Alfalfa  ( Medic j'yo  mtira ) \  E    30' 

Black  Medick  (Skdicngo  lupuUnn)  ...  E    30 

Horse  Bean  (  ViriafalHi) k    30 

Black  Locust  (Robinia  pteuilnrncia)  ...  E    30 

Honey  Locust  ( Robinia  viscosa ) E    30 

Dutch  White  Clover  (TVi/oZiuHi  mjp/ix)  E    31 

"Wild  Pea"   (Vicia  .lmericai)a) E    86t 

Garden  Beau  {I'haseohiK  mlgarin) ,  K    31 

Scarlet  Runner  Bean  ( Phaneolus  mulli- ' 

Horus) E    30 

Hairy  Vetch  (  Vicia  ritloM) ...'.'..'  k  104 

Sweet  White  Cloxer  (^felilolm<dha'^.. .  E    30 


»*  SuiroseV?"'^^  ^'"''^  '^''  '"'*"™  "^'"^  distribute  1  for  inoculation  o.  ^ed  in  1906 
•**  Isolated  from  dried  plants  from  Medicine  Hat,  Alta. 
t  Plants  from  Big  Creek,  B.C. 

The  studies  on  viability  in  cultures  of  ash-sugar-agar  will  be  con- 
tinued.  For  the  purpose  it  is  desirable  to  have  receptacles  for  the  cul- 
tures, holding  an  ample  quantity  of  medium,  and  so  constructed  as  to 
reduce  the  rate  of  evaporation  to  a  minimum.  Two  forms  of  such  flasks, 
designed  in  this  laboratory,  made  of  Jena  gJass,  are  shown  in   Figs    39 
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i 


and  40.  Determinations  showed  that  in  the  smaller  flask,  half  filled, 
40  to  50  years  would  elapse  before  evaporation  of  the  agar  was  com- 
plete. 

Effect  of  Desiccation. 

Limited  studies  were  made  on  the  effect  upon  Ps.  radicicola  of 
desiccation  on  seed,  on  glass,  and  on  filter  paper. 

Desiccation  on  Seeds.  A  culture  was  taken  from  the  stock  as  pre- 
pared and  ready  to  send  to  farmers  for  seed  inoculation,  was  shaken 
with  sterile  water,  600  c.cm.,  until  the  agar  was  thoroughly  broken  up. 

Dilutions  were  made  in  sterile  water,  and  ash-maltose-agar  plates 
poured  to  determine  the  number  of  organisms  in  the  culture. 

Portions  of  seed  purchased  in  the  local  seed  stores  were  handled  as 

follows : —  ...  f    »     I 

Portion  A.— One  pound  seed  in(Kulated  with  10  c.cm.  ot  stock 

culture  as  diluted  above. 
Portion  B. — One  pound  seed  uninoculated. 
Portion  C— One  pound  sterilised  seed  inoculated  with  10  c.cm. 

of  stock  culture  diluted  as  above. 
Portion  D.— One    pound   sterilised    seed    uninoculated. 


21.  Ps.  mdicirolu  in m  I'lca  fnlia,  Horse 
Bean.  Colony  on  ash-maltose-agar. 
XIOO. 


22 .    I'x.  rnilicicula  from  Viaa  lilloKU,  '.lairy 
Vetch .     Colony  on  ash-maltose-agar. 

X.  2a). 


Some  inoculated  seeds  were  immediately  plated  in  ash-maltose-aj;ar, 
and  the  remainder  were  dried  in  folds  of  sterile  cotton  and  cheese  cloth 
at  room  temperature  and  stored  in  sterile  deep  Petri  dishes.  For  sub- 
sequent platings,  seeds  were  placed  in  sterile  Petri  dishes  in  about  a 
c.cm.  of  sterile  distilled  water,  and  allowed  to  remain  thus  fifteen  to 
twenty  minutes,  the  seeds  being  moved  about  occasionally  with  sterile 
forceps,  the  plates  being  then  poured  with  ash-maltose-agar  of  the  same 
stock  in  every  case  as  v.'as  used  for  the  first  plating. 
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In    this   manner,   desiccation   on  beans,   peas,    and   red  clover   seed 
was  observed,    the   results  appearing   in    the   table   following:— 

Number  of  Bacteria  Alive  on  Seeds  After    Varying  Periods  of  Dryiu/r. 

PbA8. 


-I- 

Culture 


Seed 


Sterile  seed  i 
Culture         I 


Sterile  seed 


After  After 

13  days.     228  days. 


6 

0 

2g 

0 

17 

0 

14 

0 

14 

0 

21 

1 

32 
19 

0 
0 
0 
0 

0 
0 
0 
1 


0 
0 
0 

(I 

0 
0 
0 
0 


Bbans. 


Before 
drying. 


Rei>  Clovkk. 


After 
24hrB. 


After 
6  days. 


After 
14  days. 


After  223 
days. 


Before    After 
drying.  •.'4  lire. 


After 

6  ddVB. 


7,086       6,787  !     2,989        1,372 
37,33.1 1     5,215 


14,437 
31,066 

35 
66 
41 

28 

29,065 
27,602 
34,782 
26.056 

0 
0 
0 
0 


13,582 
31,03« 


3,243 
2,085 

21 
15 


2,874 
1,963 


0 
0 

0 
0 

0 

0   ; 

0 : 

0 


niasB  on  seed 
0 
0 

3  +  mass  on  8ee<l 
1 
3 
3 


0 
0 
0 
0 

0 
0 

0 

0  ■■ 


477 
21.636 

"m 

bi» 
3 

18 
8 


53 
40 
39 
69 


60 
43 

200 
49 


After 
216dys. 


0 

0 

0 

0 

0 

0 

0 

0 
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A  duplicate  scrU's  of  dtttrminatiuns  were  made  with  closely  similar 
results. 

Dcsiccalioti  on  Ghiss.  From  thi-  same  dilution  of  culture  in  each 
case  as  was  used  fur  inoculatint;  seed  sterile  cover  slips,  one-half  Inch 
circles,  received  a  two  m.m.  loop  of  the  culture  suspension.  Some  slips 
were  plated  in  ash-maltose-anar  immetliately ;  the  remainder  were  placed  ui 
sterile  Petri  dishes  and  were  allowed  to  «lry  spontaneously  at  room  tem- 
perature. For  plating,  the  slips  were  removed  to  another  sterile  Petri 
dish  with  sterile  forceps,  flooded  with  sterile  water,  and  alter  15  tx)  20 
minutes   the    plates   were  poured   with   ash-maltt)se-a>,'ar. 

In  every  rase  the  plate  cultures  of  cover  slips  plated  immediately 
on  spreading  showed  more  than  200  colonies— in  scmie  cases  several 
thousand.  In  no  c.ise,  however,  did  any  colonies  develop  in  plate  cul- 
tures miidc   J4  hours   after   the  o)vers  first    received   the   culture. 


Garden  Bean .      C'olonv  12  .lavs  old  Garden  Bean.    Uroup^of  colonies  or 

on  aBh-inultose-afe'ar.     JC  200.  ash-nialtose-agar. 


X200. 


Deskcafum  ou  I'aper.  Pieces  of  filter  paper  o'  unilorm  size  anc 
shape  were  soaked  in  the  suspension  of  culture  prepared  (or  inocu 
latinir  seed;  some  pieces  were  plated  immediately  in  ash-maltose-agar 
the  remainder  beins,^  distributed  in  sterile  Petri  dishes  and  allowed  to  drj 
spontaneouslv  at  room  temperature.  For  subsequent  platings  the  piece: 
were  flooded' with  sterile  water  a  few  minutes  beft.re  pouring  the  plates 
'he  pieces  being  moved  about  at  intervals  with  sterile  forceps.  Colon; 
counts  showed  that  not  more  than  0.03%  of  the  bacteria  survived  for  2 
hours  after  being  placed  on  the  papers.  ,_,•., 

A  sample    of    sweet    pea    seed    supposed   tt)  be   inoculated   with 
commercial  culture  of  the  appropriate  organism  for  this  species  of  plan 
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imilar 


each 

I  Inch 
?  slips 
icfd  in 
n  tcm- 
'.  P«tri 
tx)   20 

diately 
sevcriil 
to  cul- 


»  lulgarit, 
•lonieB  on 


size  and 
r  inocu- 
se-agar, 
d  to  dry 
le  pieces 
e  plates, 
Colon) 
d  for  24 

1   with   a 
of  plant 


was  examined,  and  of  ei^hi  .se.ds  pl.ued  in  ash-nialtoNe-airar  onlv  one 
clony  ,n  one  of  the  .  ;ht  plafs  .showed  a  rharacteriMic  stainini: 
reaction  and   enltiKal  ehai.u-ters  for   /'.v.   r,i</i,  »,<./<(. 

The  results  ohtained  are  in  accord  nith  the  ol)serv.. lions  of  other 
un-estiKators  that  IS.  r,.<//. ,..-/,.  is  espeeially  Miseeptihl..  ,„  desiccation 
under  th«se  conditions. 

A  few  observalixms  were  made  upon  the  \i.iljilitv  nf  /'v.  radicicoUi 
m  th,-  dri.d  nodule.  It  lias  :dways  he.  n  our  pra.liee  t..  preserve  por- 
tions ol  phnts  and  roots  al  liie  lime  of  iM.l.-.ti,,,,  „t  eultures,  usinff  the 
ordinary  holanual  plani  pr.^ses.  |„  pjaii,,^.  in,m  these  dried  s.M-ci- 
mens,  the  nodules  were  re,  -d.  washed  in  mercurie  chN^idc  solution 
i-i  000.  anrf  placed  in  sterile  ^^■Mvr  until  the  nodule  was  plump  The 
ordinary  prT.e.dure  for  platinj^.  as  h.  ntofor,  .lesrrihed,  xvas  then  fol- 
lowed.  In  every  case,  when  j,^rowth  ormrr.d,  ili,.  .-..K.ni.s  were  tvpical 
as  were  ;i1m)  ihe  st.iininj,'  re.ictinns.  ' 


(^r'-.'"".'.  '.",""  ''""'!'■<"'  ".'//'. W,;.s       26.  l'-.nnl,rin,l„i,„Uil;ohimun,n>,l,i,aria 

Hat  lea.      C.>l<.ny  1/  day?  on  a>ii-  HIa.k  Loeiist       (  ulc.nv   i'2  .lavs  on 

rnaltoce-acar.     \  1(10.  aBh-iimllo,-...uKar.     .\  iO(). 

The   results  of  these  observations  follow:  — 

I'iithilily   nf   l'\.    radicicohi   in    DrirJ   Xoilulrs. 


Host  I'iiint. 


Vicia  Faha. 

Vii'ia  Faba 

.Mediefigo  sativa  . . . . 
Medicagn  sativa. . . . 

Glycine  hispitia 

Caragana  frute<i(viis. 
Caragana  frutei'censi. 
Trifoiiuin  pratense. . 
Trifolium  pratense. . 

2  Bci.i..  !♦». 


Bacteria  alive  after 
Years 


0 
2 
0 
0 
0 
2 
2 
2 
2 


ter 

1 
Relative  niiniber 

•  if  colonies. 

Days. 

y,i7 

Verv  many. 

8S 

Few. 

(i6 

Very  many. 

93 

Verv  tnanv. 

98 

A' any. 

131 

Few . 

\?>9 

Few . 

13H 

Few . 

166 

1  Few. 

i** 


It 

From  these  rc»uU»,  it  would  seem  possible  that  a  few  individualu 
are  able  to  withstand  desiccation  under  this  condition  for  long  periods 
of  time. 

PREPARATION     AND     DISTRIBUTION     OK     CULTURES     FOR 

INOCULATING  SEED. 

The  preparation  and  distribution  to  farmers  of  cultures  for  inocu- 
lating seed  was  begun  in  the  spring  .)f   1905.    and  has  been  continued 
each  season  since.     These  cultures  are  sent  in  two^iunce  square  glass 
bottles,    known  in   the   trade  ac   French   squares,   on   ash-maltosc-agar, 
prepared  in  the  proportion  of  water  100,  agar  1,  maltose  0.5,  ash  0.5. 
The  bottles  are  filled  about  half  full  of  the  medium,  plugpcd  with  cot- 
ton wool,  sterilized,  and  allowed  to  solidify  in  an  inclmcd  position.     In- 
oculation  on  the  inclined   agar   surface  is  made   from  pure   laboratory 
cultures.  Growth  is  rapid  at  a.s"  C  and  fairly  abundant  at  20°  C.  After 
a  few  days  a  copious  mucilaginous  or  slimy  growth  covers  the  surface 
of  the  agar  and  gravitates  to  the  bottom  of  the  incline.     In  this  condi- 
tion the  culture  contains  an  ample  number  of  bacteria  to  inoculate  sixty 
pounds  of  seed.     Plate  culture  determinations  have  shown  that  the  ordi- 
nary cultures,  when  ready  for  distribution,  contain  from  ten  million  to 
more  than  five  billion  living  bacteria.  ,       ,  .         -         1 

Before  sending  the  culture  the  cotton  stopper  is  repl.-'ced  ..y  a  flamed 
cork,  a  sheet  of  directions  is  wrapped  round  the  bottle  and  oncfc-  m 
a  paper  mailing  case.     See  Fig.  45. 

A  copy  of  the  directions  sent  with  cultures  follows  :— 

DIRECTIONS    FOR    INOCULATING    SEED    WITH    NITROGEN- 
GATHERING   BACTERIA.* 


Each  legume  requires  a  different  culture. 
This  bottle  contains  bacteria  sufficient  for  inoculating  sixty  poun.ls 

of Bee<i. 

All  the  culture  may  be  osed  on  leM  seed  without  harm. 
The  culture  is  good  for  the  season  of  19 


Thi-  'uUnre  is  sent  vou  with  the  undersUndintf  that  yon  will  use  it  as  directed 
and^j!^ritou7the,!^u'ltof  youroxperiment.     Follow  directions  carefully  or  failure 

may  result. 

1  Cover  the  seetl  with  water  and  let  it  soak  ^wo  hours. 

2  Drain  off  the  water.    This  mP.y ».  '■  di..a  by  heaping  the  seed  on  a  cloth  on  th 

ground,  orNos.  1  and  2  may  be  done  in  a  grain  bag. 

~7¥er«tfterthe«  direction,  win  be  modified  to  .void  the  ••rtlcky"  letd  c.u«<l  by  .ppUcUon  of 
the  tugar. 
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I  .  .?•  ^"'5  """  i'"""''  ''''•'y  K"»>ul«tea  lugKr  with  each   .aihfl  <.f  lh«  wet  need,  «nd 
let  the  MWfi  muuiil  thu«  ov«r  ni|[ht. 

...    .*  ..'^f**  •'•y.P"'"  •  ""••  clean  cold  water  into  the  tottle  of  rulture,  ihake  nntil 
the  Jelly  i«  well  bntken  up,  |>our  it  over  the  eee*!  and  mix  th^rimghly. 

ft.  Plant  at  om-e,  juat  aa  you  would  uninnculate<l  aeed.     If  the leed  ia  too  wet  and 

atlrka  to)ieth««r,  a|irea<i  it  out  in  a  ahady  plai-e  for  aliout  ti-n  ininutea.     It  »hould  be 

il    .J**"*  ""I  ^!^!  '"'.'  •■  """'"'  •■  '*  ™"  '*•  handled.     In  caiw  of  a  mixture  of  clover 

with  other  iKjed,  ii  ia  adviiableto  treat  the  clover ae|«rately,  mixinKjiwt  before aowing. 

6.  Do  not  open  the  bottle  until  you  are  ready  to  treat  the  »ee<l,  and  do  not  treat 
more  «eed  at  one  time  than  can  be  nown  in  a  day. 

7.  At  leaat  a  amall  plot  ahnuhl  be  planted  with  untreatwl  iee<l  for  comparison, 
and  thii  Nhould  be  planteil  firat. 

S .  Hend  ue  in  the  empty  bottle  with  your  nam.'  and  addreaa,  a  email  tample  of  the 
inoculated  need  for  further  lalxiratory  (.sata. 

9.  After  the  seedlinKx  are  one  month  old,  neanh  for  noduleti,  "little  bunchea." 
on  tlie  roota.  hxamine  for  noilulen  again  after  three montha.  During  the Muaon  note 
nnmher  and  cue  of  nodule*  and  vi^>r  of  plant  growth  from  treated  and  untrt- ated  seed. 

The  price  of  each  culture  ia  twenty-five  centa. 

Originally  the  farmer  was  directed  to  shake  the  culture  up  thor- 
oughly with  a  pint  of  water,  mix  the  liquid  with  the  seed  and  sow  at 
once.  It  was  found,  however,  during  the  last  year  that  if  the  seed  was 
soaked  a  few  hours,  and  sugar  added,  the  moisture  on  the  seed  was 
conserved,  and  the  deleterious  effict  of  desiccation  of  the  bacteria 
before  the  seed  was  sown  was  largly  overco;,ie.  That  large  numbers  of 
the  bacteria  actually  did  enter  the  soil  in  the  living  condition  is  shown 
by  the  following  : 


RXAMINATION    OF    SEED    SaMPI.ES    RETURNED. 

As  noted  in  the  directions,  a  request  was  made  that  recipients 
of  the  cultures  the  season  just  past  send  us,  in  the  mpty  culture  bottles, 
a  small  sample  of  the  inoculated  seed. 

As  soon  as  the  sample  was  received,  two  average  seeds  were 
selected  from  the  sample,  placed  in  sterile  Petri  dishes,  flooded  with  sterile 
water,  allowed  to  stand  15  or  20  minutes,  and  the  plates  poured  with 
ash-maltose-agai.  The  plates  were  incubated  at  room  temperature, 
counts  being  made  on  the  tent*'  day.  At  the  time  of  making  the  count 
smears  were  made  and  stained  with  saturated  akoholic  gentian  violet. 
When  only  comparatively  few  colonies  were  present,  these  smears  were 
made  from  single  colonies.  Where  the  colonies  were  very  numerous, 
the  smears  were  made  by  drawing  the  sterile  loop  through  or  over  the 
surface  of  the  medium. 

In  all,  there  were  plated  two  seeds  from  each  of  227  samples  of 
diflferent  seeds,  the  number  of  samples  of  each  kind  being  as  follows  : 
Alfalfa,  152;  red  clover,  52;  alsike  clover,  11;  field  peas,  7;  sweet 
peas,  5. 
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In  all  but  2,  oi  the  4.S4    plates.     st.V.ns    with    saturated    .jlcoholic 
^.entian    violet    showed    typical    reactions   for   /'..   raciu:uol„  and  m   5.-> 

^'"  Th^^:;:^j:^.S;r":rseed.  as  indicated  by  the  colony  counts, 
i.s  shown  in  the  following  table  :— 


Number  bacteria  per  seed. 


Samplen. 


Per  cent. 


None  or  stain  negative. . 

Less  than  tifty 

Between  50  and  50() 

5(10  to  10,000 

10,000  to  20,000 

20,(K)0  to  40,000 

Over  40,000 

Too  nnineroiiH  t«  count . 


25 

5.56 

91 

20.04 

71 

15.63 

115 

23.12 

47 

10.35 

57 

12.33 

36 

S.14 

12 

2.6* 

From   these   results'it   would    appear   that  a  very  ample    number  of 
bnC,  r"",.  in,o  the  ^-"-1  with  the  se- d  and  m  a  v.M.rou.s  cond.t.on. 


c'.iro.ne-acetic  acid  uii.l  f^tamed  witn  as  ui  2<.     X  1,000. 

Aniliii-wifranin-iriMitari    violet.      X 

1,000.  ,.,.  , 

This  method  of  distributing^  cultures  to  farmers  o  ters  severa 
.dv,nta^res  over  tl,.'  method  of  distribution  by  commerc.al  ln>uses.  In 
mos  at  least,  of  the  latter,  the  culture  contains  comparat.vely  few  .;t 
r org  nlsms' required,  being  accompanied  vvjth  ^He  appr.,pr.aU_  du.n. 
,,1  salts  for  making  un  a  nutrient  culture  meduuu.  In  the  lands  of  the 
.nue  the  culture  ".s  certain  to  become  contammated,  w.  h  he  resuh 
,1  -It  t  e  I'^  rmlicicola  mav  be  inhibited  or  even  entirely  destroyed  In 
:  '  ovvth  of  foreign  organisms.  In  the  method  tollowed  in  this 
^lo^Z:^^  bac^cSiolog^st   assumes   the   responsibility   for  preparation 
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of  the  nutrient  medium,  iind  the  propay^ation  of  the  culture,  and  all  the 
farmer  has  to  do  is  to  apply  the  bacteria  to  the  seed. 

We  {jive  herewith  a  brief  resume  of  results  from  the  use  of  cultures 
for  the  past  four  seasons,  as  shown  by  farmers'  reports.  Durinjj  1905, 
246  cultures   were  sent  out,    134  reports  bein>;   returned. 


Crop, 


I.ueerne  or  alfalfa  . 

Red  Clover 

Peas 

Beans  

Alsike  Clover 

White  Clover 

Vetch 

Sov  Bean 


Total  No. 
of  reports 
received. 

69 
47 
12 

9 

2 

1 

3 

1 


Inoculation        r\        •  »^       1       . 

piiccessfnl  Orftanisnis  No  advantage 

with  increa^d  «' ready  present  from  inocu-. 
growth  of  crop,      "i '»'«»"'>•  lation. 


43 
31 
7 
5 
1 
1 
2 
1 


15 

15 

4 

4 

1 


1X4 


91 


:s 


40 


During:    1906,    375    cultures    were    distributed;     120     reports    were 

returned,  72  showinjf  a  benefit  to  the  crop  and  48  of  no  apparent  benefit. 

_ 

Result. 


Province. 


Ontario. 


Alberta 

Saskatchewan 


.Manitoba 
(Quebec . . . 


T'nited  8tat.es. 


New  Brunswick 


Crop  Grown. 


.  .\lfalfa 12. 

Red  Clover 14. 

Peas 14 

Beans 11. 

Soy  Beans ;•{ . 

Alsike 1 . 

iVetch 1. 

Sweet  Pea 1 . 

.\lfalfa 13. 

Reil  Clover :i. 

I'eas 1. 

.  Alfalfa 1, 

Red  Clover 2. 

I  Peas 1 . 

i  Beans I . 

i  Vetch  1. 

Alfalfa 2. 

Red  Clover 8. . 

Alfalfa 3. . 

Ht'd  Clover 1 . . 

Alsike 1.. 

Alfalfa 5.. 

Red  Clover 4.  . 

Peas ;{ .  . 

Beans 2. . 

Sov  Beans H. . 

White  Clover 2.. 

Vetch 1 .  . 

Red  Clover 2 


Benefit.       No  Benefit. 


9 

1(1 

9 

() 
»> 

1 
1 
1 

<i 
1 
1 


2 

« 
3 
1 
1 

;? 
1 
2 
1 
1 


•«»     IS   rii.li  irulti.    Sectinii  ol  nodule  l'r<iiii       -^O- 
Trifolhtw  /./■«/'■/'■<',  l!i'<l  C'lovtT.    Stain- 
,..rasin27.     X  1,0()0. 


I\  niiiir4r,,l,i.  .■«e.lM>ii  of  iiimIiiIc  I'roiii 
Tnfornnii  nralnis,:  Red  Clover.  Stain- 
e.l  as  in  27.  X  1,(K10  Cntnpar^ 
with  X<>.  I'-i- 


31  Lalhym«  odoralux.  Sweet  Pea.  Flowing 
the  method  of  germinating  eterile  seeds 
under  sterile  conditions.  These  seed- 
lings are  readv  to  traii(>|>lant  ir.to  flasks. 


32.  l'liiiifolin<  nti.ariy,  Garden  Bean, 
growinz  on  ash-inaltose-agar  in 
U  T,.  Erlenmeyer  flask. 
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DurinjT  the  season  of  1907,  there  were  distributed  372  cultures,  and 
reports  win-  available  from   124.      The  summary  of  these   is  shown  :-- 


Alfalfa.  '' 


Re.l 


Ketl         Aliiike        „  „  Sweet 

rio>er.      Clover         '  ♦'"^-         R™'"'-         iVa 


I'rovince. 


•■a 


■■c 


I    s?  J  -^.    I    ^.    I    i 


■■c  -c 


1/       c 


0)         o 

as      Z; 


28 

2 
1 


Ontario 

New  Brunswick  . 
Saskatchewan  . . . 

All)erta 

R  K.  Island 

British  Columbia 

Quebec 3 

ilanitoba 1       1 

Xova  Scotia l    ... 

Indiana,  I'.S.A 1 

England 


3ti 
2 

1 
1 
2 

1 


11 


2    . 


Ohio,  r.s.A ,....      1 


Total 48     36       9  115 


3 


Total  showing  beneficial  results,  54 "... 
Total  showing  no  apparent  benefit,  467{.. 

The  distribution  of  cultures   was  continued  during    the  season   just 
passed,  and  a  total  of  2,113  cultures  was  sent,  as  noled  in  the  tal)le  :— 


Province. 


^  o 


I 


9> 

r  =s 

l^ 

if 

X 

> 

Ontario 

tjnebec 

Nova  Scotia 

New  Brunswick . . . 

P.  E.  Island 

Newfoundland  . . . 

Manitoba 

Saskatchewan  . . . . 

All)erta 

British  Columbia. 

I'nited  States 

England 

Mexico 

Sweden 


1,236 

4!t 

17 

12 

11 

1  . 

Hi 

11 

3.5 

39 

3 
<> 

2 


Total. 


319 
<) 
9 
3 
5 


3 
I 
2 

il 
12 


1 


31 


1,434     37- 


6« 


108 

8 
1 
1 


88       141 
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.Mso  two  cultures  for  yellow  trefoil,  and  four  for  sweet  white  clover 
were  sent. 
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s; 


S7 


3!i,    \  lability  ti&fk  ot  Jena  glass. 
Cai)acity  about  50  c.  cm. 


Cap 


40.   Vial)ilitv  Hask  of  Jena  glass. 

acitv  alR)nt  100  c.  cm.  The  loiig 
neck  may  be  sealed  after  pro\vth,-ie 
abundant.  When  it  is  desired  to 
transplant,  the  tube  mav  be  cut  off, 
an<l  resealed  in  the  flame.  There  is 
ample  length  to  repeat  this  several 
times  if  necessary. 


of  reloH  °i  1'"'°"  '  '""^"'"ti"".   «s  «een    from  a  summary 

of  reports  received,  are  shown  m  the  table.  The  plus  columns  indicate 
the  number  of  reports  in  which  the  farmer  stated  a  positive  beneficial 
result  from  the  moculation.  The  minus  columns  include  all  others  In 
many  cases,  the  cmp  experimented  with  had  been  {jrown  on  the  same 
ground  previously  and  the  soil  was  probably  already  inoculated  Two 
farmers  thougfht  the  inoculation  was  harmful  to  the  crop. 
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licsulls   of  Siu-il    Inoculatioti     i <>«>.*. 
Alfalfa.        H.-a  Clover.  AlHike Clover    l-t-as.      Beans. 


Hwwt  Peait. 


Ontario. 


•.'HI        140         t3         42 
(W>7r      35%    50.6';  49.5'; 

B.C.hmibia     11  L  .o  o,-  ia  ^r 

78.5%  21 .6%  83. 3;r  16.,', 

Alberta....      10  «        J       

.'s.T.s^  .';4.r)'-^  100%  

Quelle...      10  ♦*      

«2.6%!37.5%  

P  K. Island       4  1  •      

80',i      20';     100%    

Sack '      3  1      

.  76%  i  25%    ••• 

NovaScotia^^^^|^^_3^,^^j,,^l^ 

NewBrun.    ..^  25%  '  W'^   :;•••■ 

Manitoba..       3  2  2      

60';      40%  il00%    

IT   a    A  I '       ^ 

^•*-  * ' 100% 


9 


+  1^ 
9      10 


Total . 


S(»  '     165  '     55         45         10  5 

a5Vr:35%      55%      45%    (56.7%  S3.3'; 


I 


14      17       4       4         6  1 

44 'r  55%  60%  50%  83.3%  16  7 "f 


Following  is  the  form 
Dbab  Sir, 


of  blank  report  sent  to  r-cipicnts  of  cultures  : 


^^s:s^^S!Si^:^^^''''^^^  - -"'-^ 


S™  1.  £  »i;'rpilyln-.he»cl^,l  ..„v.l.,.e. 

Crop  seeded 

Character  of  land  . . .  ■  • 

Amount  of  treate<l  seed 

Amount  of  untreated  peed 


With  Culture,     j  Without  Culture. 


Area  of  land  planted ■ 

Notlules  present  or  abnent  at  one  month  .    .  .  ■ 

Few  or  numerous  nodules  after  three  month. 

Vigor  of  plants  after  three  months 

Do^u'thmk  vouTTroThas  »'een  benefited  by  the  culture? 
Do  you  expect- to  use  .  milar  cultures  next  season? 


Weather  conditions  during  the  season  . 
Remarks  :— 


Your  name 

Post  Othce 

Province . 
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43. 


Averatte  plants  from  inoculated  and  uninoculaie.l  portions  rei-i.e.-tively  of  a  tieUl 
of  alfalfa.     Ontario  Agricultural  College. 
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44.  Alfalfa  plants  from  inoculated  and  uninoculated  seed.     I'ictou  Land 

Nova  Scotia. 


»"g, 


8i 

To  bricflv  summari/r  :  A  total  of  J.ii.;  culturis  xvtrr  disiriluitid, 
and  reports  u.n-  r.lur.  '  fn.m  ft.H.  "^  3'-7  '  •  "f  th»M-.  iH.xlivi-  ben- 
iKial  results  u.rr  st  in  397.  or  f.J.bV..,  and  n..  Innet.t  was  apparent 

in  317,  "■■  .^7-4 "  11. 

'in  reply  to  t...  M»^r>.  M7,  or  SjVu,  experimenters  exprt-sed  a  wish 
to  scure  similar  cultur.s  n.-xt  season,  this  m.ml)er  indudinR  many  who 
reportitl    ii>>   apparent    hrnetit   this  season. 


out  oil  iifli-iiiiiltost-au'iif  in  2  ../.  I'loiuli 


45.    riH-  .-ul.ur.^  .or  i..o..ala...n;  '^^.^;^l-^-i,,^  ,,„,er  n.ail.nu  .a... 


ciiuare^  eiiL-lofifd  witli  <iirectlOIl^' 


It  is  tlie  intention  of  the  Deparl-nent  of  Hacterit,loKy  to  distr^Hite 
these  cultures  durin^^  ,cpy.  As  hcTetoforc.  a  price  ol  .5  '■'•';;\':^.*'"':;^,, 
for  each  b<.ttle  of  culture  sufficient  for  .,0  pounds  or  less  '^  ^'-^  '-  «"* 
each  farmer   is   expected   to  submit   a   report  «f   Ins    work   at   tht    end   ot 


the   reason. 

l.AHOKATORY    Ol      H  \(  TK  RIOIl  ><.Y, 

ritKi.rn,    December,   iqoS. 


I 


;-  i^ti^ir /it^^i  ■M£jeiti*^^^tf^ 


LIST  OF  BULLETINS 

PlKl  ISHKI.  HY    IHH   DNIARI..    I  »KC  \K  I  M  I:N  I    "V  A..K1.  f  I  1  IKK.     roll" 


Heria! 
No.         I>iil^ 

V^\     I  ».■<•. 
i:^4     .Inne 

1S5     June 
\m     Aujr. 


l>t(i:'>    l'i.->fiii 
1 


Tit  If. 
(•(iii(liti.iiiofSan.l.*i'S(iil    in  Oiitarin 


.\nth'>r. 
I.nrliheail. 


it04     HiiitH  in.Makiiiif  Nature  ColleitidiiH  in  Tubli. 

and  Hi>:h  Schools 

IVHM     The  C'leani-C  iafherin^  t'leanierv 


\V.  H.  Mulitrew. 
I  U.  H.  Uean. 
I.  .\.  MclMfJels. 


IWM     S(,nie 


Hacterial  Diseas-es  of  I'lants  I'revale 


Hill  If.  c.  H 


irnsoti 


( )ntario. 


1S7     Aiw       !*H)4     A  Bacterial  Disease  I >t  (  an 


I'lantH 


l.SH 


Fel.. 
Keh. 


1905     The  Coiniiosition  I 


\\\.  Harlow, 

F.  t'.  Harrison. 
( >ntarii>  Feeiliii^  Stuffs.       W.  f.  <  iatnhle. 


Canlirtoweiand  Allieil 


liM»5     AiiKxf>erii 


lental  Sliii>ment  of  Fruit  to  Winni- 


1 '<•>.' 


140     Feb.       r.H).T     The  Kcsiiltf  of 


f  Field  Kxperiment.''  with  Farm 


Of)!): 


141      ^iiril     KtOfi     (ias-Prodnciiij;  Bacteria    a 
y\\\V  anil  itP  Products 
HH1.T     Outlines  of  Nature-Study 


d  Their   K.ffecton 


142 

Mav 

143 

June 

144 

June 

145 

June 

14fi 

Nov. 

147 

1.1,. 

I4.S 

>hir. 

14<t 

Julv 

150 

Au)j. 

151 

Oct. 

152 

')ec. 

153 

Feb. 

154 

Feb. 

155 

Feb. 

l.-.ti 

Mar. 

157 

Mar. 

I5S 

,Inne 

J.  B.  Heynold*-. 

('.  A.  /avit/, 

F.  r.  HarriHon 
Wni.  Lochhead. 


1905     Dairy  School   Bui 
1905     Ai>i)ie  Culture 


1905     Butler  Preservatives. 


^tiii    '  Hairy  School 

...      H.  L.  Hutt. 

)  11.  II.    Dean 
\\\.  Harcourt. 


1905 


r 


)f  Fruits,  Vejietal 


and  Ilouex 


90t)     Fruits  Ueconiinended  tor  <  >ntarit 


BHXi     F'.xiieriiiient-^ 


with 


Planters.  . .      Fruit  Kx.  Stationc. 
I  F.  ('.  Harrison. 


luic-foriuiim  P.acteria.  .  s  j,'  ]^'.,ri„\\ 


190t>     The  Swine  Industry  in  Ontari 


190i>     The  t'oniiii' 


ui    Funirus  an 


1    Insect    I'e^^ts    of  I  Win.   I.ochhead 


(irowiiii;  Ve^'etable  Crop: 


190()     l-'arin   Poultry 


Kevised  N()\. 


19(W)     (iardeiimtr  tor  >choo 
1907 

1907 


I  T.  D.  Jarvis 
\V.  K.  (irahani 
S.  B.  McCready 


Fertilizers  and  their 


Cii^. H.  Harcourt, 


Insecticic 


les  and  Funni'ides' 


1907     Farm  Forestry  (Sei 


1007 

i9( : 


Tilla^'c  and   Uotatiipii 


I  K.  Harcourt. 
)  H.  1..  F'uliner. 
d   F.dition.  Dec  .  1907.  F,.  J.  Zavitz. 
W.  II.  Dav. 


i: 


cmedics  tor 
San  Jo«e 


th. 


Jose 


Act 


1907     Insects  and   F'un).'us 


Diseases  Affcctiii).'  Fruit  i  C.  J.  S.    Belhune. 


Tree! 
151.     Julv     1!«)7      MilUina 


lleviseil  Dec.  U»07 


•hines 


T.  D  Jarvis 
(\\  II.  Dean. 
I  S.  F.  F,<1  wards. 


ItiO 

Julv 

161 

Oct. 

162 

Dec. 

ItW 

Mar. 

104 

Mar 

tti5 

Mar 

Itiii 

June 

lti7 

« »ct . 

ItiS 

( >ct 

;<i9 

Feb 

1907 


The  Production. 


Can^  aii'l  Cses  of  Milk 


1907     The  Sheeji  IiKiustry   in  Oiitarii 


liH)7     Bn-akfast     Fo^ 


Their      Chemical     Coin-  I  K.  Harcourt 


1.  Dijrestibility  an- 


\  I'o^t 1  11.  I..   Fultner. 


190>     Incubation  ot 


Chickens;. 


O.  A.C.  Stall. 


190s  l.ei;uine  Bact<'ria 

lOOS  Alfalfa  or   Lucerne 

190S  Bee  keeping  in  Ontario 

190K  Mitchell-Walker  Moisture  Te-I 

1908  I'he  Perennial  Sow   Thistle  and 


Fd 


wan 


p.    Barlow. 
(  .  A.  Zavit/. 


J.  W.  Mitchell. 
W.O.  Walker. 


ither 


Weed  Pests 


v..  Ilowitt. 


10O>t      l.eaunie  Ba<teria  :  Further  Mudie; 


if  Nitio-  I  S.  F.  Kdwards. 


muuulatiou  in  the  l.ceniHinos;i 


H.    Uarlow 


